MPZ3132-Engineering Mathematics IB
Academic Year 2014/2015

Answer sheet for Assignment NO.01

1.

(a)

i.

ii.

iii.

f(x) =cosx
f(z +27) = cos(x + 2m)

= COSTCOS2T — SINTSIN2T

= cost
= f(=)

Here cosz is periodic of period 2.
f(z) = sindx

flz+2/7) = sin(4(z +7/2))

= sin(4z + 2)

= sindxcos2m + cosdxrsin2m

= sindx

= f(=)

Here sindx is periodic of period /2.
f(z) = sin3x

flz+ (27)/3) = sin(3(z + 27/3))

= sin(3x + 2m)

= sindxrcos2m + cosdrsinlm

= sindzx

~ /(@)

Here sin3x is periodic of period 27/3.
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0, if 7 <z<0;
(b) f(z) = and f(z 4 2m) = f(x).

1, fo<z<m.
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The Fourier series of function f(z) is given by f(z) = %—1—2(% cosnx + by, sin nx).
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Fourier Sine expansion

1 2
b, = / wsin ol dr + / (2 —z)sin DY g
0 2 1 2

1 T 1 [T
—— e Y2 cos2nt| — — / e~ Y2 cos 2ntdt
2n o 4n Jy

|

nmwx

nmwx

—2x nwx n 4 . nrx
= coS sin
nm 2 n2m2 2

When n = even, b, =0

8(—1)*
h =odd, b, = ——5—

When n = odd, Ok 1 172

_ 8w (=D)* | (2k+D)rz

“f(x)_ﬁkz:;@wrlysm 2

When z = 1 the function f(1) is equal to 1.
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—7T—|—7T:| =0
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Y - 0
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T 0
1
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by, 4 '
—, ;nisodd
nﬂ- . . .

Now Fourier series is

[e.9]

f(z) = Z ﬁ sin(2n — 1)z

Parseval’ s Formular

2ap 2 —i—Za FB) = / £z
Z{ﬁ} :%/ﬂ ;

> 1



f(—x) =7*— (—2?) =7* — 2% = f(x) So f is even.

b, =0
1 s
ap = — f(x) cosnxdx
™ —T
2 [T 2 [ 9
=— [ f(x)cosnxzdr =— [ (7°—x°)cosnzdz
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: _ 217 o= —4
*. Fourier series is f(z) = 5 + Z (—1)" cosnx

As f(=z) = | — 2| = [z] = f(2)

|z| is an even function.

|x| = % +;ancosnx
2 s
Where a9 = — | |z|dx

/ |z| cos nxdx

x cos nxdx
™ Jo

2{1 . 1 ]W
— |—xsinnx + —5 COSNT
n

T|n 0
2
=—\(-1)" -1
(-1 -1
0, n is even ;
ap = _
5 n is odd.
n4m

f(x) =z =< +Z—cosnw

f@) = | :___Zcosmz
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1’ —_— —_— — —
2 7| 1 32 52




Putting x = 0, we have

A PR
2 32 52
i 1 _7r4
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we have

(-1 +1- )] =~

o
(x) = E (a,, cosnz + b, sin nx)
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:%4-2 2n+1 cos(2n+1)x+;78mnﬂﬁ

n=0



COSs dx
25

37 2|cosx cos3x

(© fo) = - 2[4

3m 2 |cosx cos3z

T
COS O
25

i. Here we set the cos nx terms to zero.

™

i _7T

etz =

+ ] — [smm—i— 7

+ } — [sinx—l—

Ccos O

9+25

sin 2x

sin 3x

sin 2x

3

sin 3z
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(z —a) f"(a)(z —a)"

ot ;o

4. (a) f(z) = f(a) + f'(a)(z —a) + f"(a)

Jx) = (1-— 235 00:9 + 22)

(1 —2xcosh+2%)f(x)=1—2?

(1 —2xcosf+ 22)f'(x) + (2x — 2cosb) f(z) = -2z — 1

(1 —2xcosf + 22)f"(x) + (22 — 2cos8) f'(x) + (2 — 2cos ) f'(x) + 2f(x) = —2
(1 —2xcos + %) f"(x) + 4(x — cos0) f'(z) + 2f (x) = =2 —> 2

(1—2x cos 0+2?) " (x)+ (2x—2 cos ) f"(x)+4(x—cos 0) f"(x)+4f (z)+2f' (z) = 0
(1 —2zcosb + 22)f"(x) + 6(x — cos ) f"(x) + 6f'(z) =0 — 3
(
0
(
(

1—2x cos O+22) f(x)+(2x—2cos 0) f" (z) +6(x—cos 0) f" (x) +6 f" (z)+6 f(z) =

1 — 2z cosh+ x2) f(x) + 8(x — cos ) f"(x) + 12f"(x) =0 — 4
1 — 2z cosf + 22)fo(z) + (22 — 2cos ) f%(x) + 8(x — cos @) f¥(z) + Sf"(x) +
12f"(z) = 0

(1 —2xcos O + %) f*(x) + 10(z — cos ) f"(z) + 20" (x) =0 — 5
df*(z) df'(z) |, df(x)

(1+ 2?2 — 2z cosh) T —I—lO(x—cos@)W—l—ZOW:O
£0) =1

1 — f(0) —2cosff(0) =0

f'(0) =2cos@

2 — f"(0) —4cos@f'(0) +2f(0) = —2

f7(0) —4cosf(2cosb) +2 =—2

f"(0) = =4+ 8cos*f = 4(2cos* — 1) = 4cos 26
3— f"(0) —6cos@f"(0)+6f(0) =0

f"(0) = 6 cos@(4cos26) — 12 cos b

J"(0) = 6cosf(8cos?§ — 4) — 12 cosf = 48 cos® § — 36 cos O
1"(0) = 12(4 cos® 6 — 3 cos ) = 12 cos 30

4 — f(0) —8cos@f"(0)+ 12f"(0) =0

f"(0) = 8cos 0(48 cos®  — 36 cos ) — 12(8 cos? O — 4)
1"°(0) = 384 cos* § — 288 cos? § — 96 cos? § + 48

f"(0) = 384 cos? 6 — 384 cos?  + 48
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cos2r = 2cos’x — 1
cosdx = cos(2x + 2x)
= cos? 2z — sin*2x
= [2cos? x — 1]* — [2sin z cos 2]
=4cos’r —4dcos’x + 1 — [4cos® x(1 — cos® )]
=4cos*r —4cos*z+1—4cos’z +4costx
cos4r = 8cos*z — 8cos?z + 1
o f7°(0) = 48(8 cos? @ — 8cos? O + 1) = 48 cos 40
Simillarly f(0) = 240 cos 50

fr(0)a? | fr0)® o)zt fr(0)2°

cf@) = FO) + fO) + g+ T T

=1+ 2cosbx + 2cos20x% + 2 cos 30x3 + 2 cos 40x* + 2 cos 50z°
5

=1+ Z 2 cos(rf)z".

r=1

1
C1l-—z
=0

(b) f(x) —1
(0)

fl(z) =
f(x) = W

Linear approxiamation:
f(x) = f(0) +xf'(0)
~0+z=x

ﬁif(o)zl
& ;= ["(0) =2

= /"(0) =6

Quadratic approxiamation:
2

F@) = (0) +2'(0) + £'(0)5;
:0+x+§x2:x+x2

Cubic approxiamation:
2 3

fl@) = (0) +2f'(0) + F'(0) 57 + (05

6
:0+x+x2+§x3
~ x4+ 2%+ 28

() i filz) =In(2—=z)



ii.

f1(0) =1In2

file) = 5 S 7 = f1(0) = ‘71
2-2)fi(z) =
(2—a)f!(x) — fi(x) =0=2f/(0) = _71 — 1(0) = _Tl
2—2)f"(z) = fi(z) — fi(x) =0
2—2)f"(z) —2f{(z) =0 = 2f{”(0) =2f1(0) = 2_71 = _71 — fI(0) = _Tl
(2—x)f{"(x) — f{"(z) — 2f]"(x) =
2—2)f(z) = 3f{"(z) = 0= 2f"(x) = 3%1 — (0 = %3
(2—2)fi(z) = fi'(x) = 3f1"(x) =
2= D))~ A @) = 0= 2070 = 42 = fi(0) = =
.. Taylor Polynomial is
F@) = FO) + PO + 0% + OV + 0%+ PO
1n2_1x_1x_2_1”f_3_§“f_4_§$_5
2 4 2 46 824 4120
ot 7 & @

2 8 24 64 160

When z =
F2(0) = 4(2) +2(1) = 0 = 7(0) =6
(1= )21y () — 201 — 2) f4 () — 41 — @) f4(2) + 4f () + 2f4(ar) =
(1= 2)2f3"(x) = 6(1 — 2) f3 () + 6f5(x) =
When z =0

5'(0) = 6(6) +6(2) = 0= f5'(0) = 24
(1= 2)?f3'(x) = 2(1 — 2) f5"(2) = 6(1 — ) f3" () + 63 () + 6f5(x) =0
(1 —2)2f3"(x) = 8(1 — 2) f"(x) + 12f3(x) = 0

X
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When z =0

2/(0) —8(24) +12(6) = 0= f5°(0) = 120
(1= 2)?f5(x) = 2(1 = 2) f3"(x) — 8(1 — x) f3" () + 85" (x) + 125" (x) = 0
(1 —2)2f5(z) = 10(1 — ) f3'(x) + 205" (x) = 0

When z =0
£2(0) — 10(120) +20(24) = 0
f3(0) =720
.. Taylor Series is

x? x3 xt x°
fa(z) = f2(0) + f5(0)z + £ (0) 5 + ' (0) 57 + £ (0) 37 + f2(0) 5
1 6 , 24, 120, 720 . ' '
I T T TR T

=142z + 322 + 423 + bx* + 62°

i. f(z)= ln(izos x)
fl(x) = (—sinz) = (—tanx)

COsS T

f"(z) = —sec’r = —1 — tan®z
oy df ]’

-1 [4]

5 _ i T

dz? dx dx?

df Ay e

drt dx dx3 da? dx22

d*f B _2df 3 f B dz_f

drt dx dx3 dz?

F(0) =In(1) = 0

f(0) =tan(0) =0

7(0) = -1

f"(0) = =2(0)(=1) = 0

1°(0) = =2(0)(0) — 2(1) = =2

f(x) = — - 1— + o
2 ot
In(cosz) = ESERED) F o
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22 2 12
In(cosx) . 1 a? 1
=lim|————+ ... = ——
z—0 g2 =0 2 12 2
. f(z)=¢€"
22 z?
F@) = e = F(0) + PO + FO5 + P05 + o
flz)=e"= f(0)=1

f"(z) = —sinx
f"(x) = —cosx
fHx) =sinz
f3(x) = cosx
f%(z) = —sinz
() = —cosx

[ (x) = (=1)"cosx
Fr(0) = 0541(0) = (-1 3
f@) = £0) + f(O)x + f"(0) 5 + " (0) 55 + -

2 2d
f(:L‘)ZO—l—x—i-ﬁ—f—g—i-...
o B °° (_1)n(x)2n+1
.S = E W

n=0

f(z) = cosx
f'(x) = —sinzx

f"(x) = —coszx
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f3(z) =sinz
f4x) =cosz
fo(z) = —sinz
f%(x) = —cosx
f(x) =sinz

°O —1) 2r
neosz=3

sin?a — 1 — cos2x
a 2
1 1%(—1)1129;”
22 (2n)!
n=0
1 1K (—1)m2na
T2 52 (2n)!

(2n + 1)!



Figure 1: 3.1
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